SUMMARY The distribution of cardiac muscle cell disorganization in different regions of the left ventricular wall was studied quantitatively in 52 patients with hypertrophic cardiomyopathy. Cellular disorganization in the ventricular septum was both common and extensive (mean area of septal tissue section disorganized, 35 i 4%). Disorganization was also substantial (24 ± 3%) in the left ventricular free wall of these patients, although less marked than in the ventricular septum (p < 0.05). Anterior left ventricular free wall disorganization was particularly extensive (32 ± 4%) and did not differ significantly from that present in the ventricular septum. Marked cardiac muscle cell disorganization (> 5% of the tissue section) was diffusely distributed in the ventricular septum and left ventricular free wall in 33 of the 52 patients (63%).
HYPERTROPHIC CARDIOMYOPATHY is a disease of cardiac muscle that is characterized by a hypertrophied, nondilated left ventricle' and, in most patients, asymmetric septal hypertrophy.2`6 Marked disorganization of cardiac muscle cells in the ventricular septum7-10 has also been shown by quantitative histologic analysis to be a highly specific and sensitive anatomic hallmark of hypertrophic cardiomyopathy.1' '3 Qualitative histologic studies have shown that cellular disorganization may also be present in the left ventricular free wall of patients with hypertrophic cardiomyopathy.?' ' In this study, we quantitated, for the first time, the extent of cellular disorganization in both the ventricular septum and left ventricular free wall of patients with hypertrophic cardiomyopathy compared with patients with other forms of cardiac hypertrophy; we also determined whether the distribution and extent of the cellular disorganization in patients with hypertrophic cardiomyopathy has significance with regard to clinical course or hemodynamic state.
Selection of Case Material
Institute was reviewed and 52 hearts with hypertrophic cardiomyopathy were considered to be in suitable condition for inclusion in the study.
In each, the diagnosis of hypertrophic cardiomyopathy was based on the presence of a hypertrophied, nondilated left ventricle.1 In 41 of the 52 patients (79%), asymmetric septal hypertrophy (septal-free wall thickness ratio . 1.3) was present at necropsy. In 40 of the 52 patients, the typical clinical, hemodynamic, angiocardiographic or operative findings of hypertrophic cardiomyopathy were also present; the 12 other patients had no cardiac evaluation during life and sudden death was the initial manifestation of cardiac disease. 20 Associated coronary heart disease (> 75% crosssectional area narrowing by atherosclerotic plaque of at least one of the four major extramural coronary arteries) was present in eight of the 52 patients with hypertrophic cardiomyopathy; one of these patients also had a secundum atrial septal defect and one had systemic hypertension; three other patients also had systemic hypertension. The 11 patients with associated cardiac lesions were included because the degree of left ventricular hypertrophy present was greater than would be expected in patients having these abnormalities alone. Clinical and hemodynamic data in the 52 patients with hypertrophic cardiomyopathy are summarized in table 1.
Patients with Normal Hearts or with Cardiac Diseases other than Hypertrophic Cardiomyopathy
The hearts of 83 patients were selected for study as controls. This group included 72 patients with a variety of congenital or acquired heart diseases other 882 tHeart weight exceeded normal values26 in all 52 patients. tHeart weight exceeded normal values25 in each of the 72 patients with congenital or acquired heart disease and was normal in each of the 11 subjects without cardiac disease.
Abbreviation: LV = left ventricular. cle cells were aligned perpendicularly or obliquely to each other, usually forming tangled masses or "pinwheel" configurations. Although most of these lesions were relatively small, individual foci of type I-A disorganization varied greatly in size. In type I-B disorganization, relatively broad bundles of muscle cells were oriented at oblique or perpendicular angles to each other; cells within these bundles were, however, normally arranged. Types I-A and I-B disorganization exclusively involved areas of myocardium where cardiac muscle cells were cut longitudinally (i.e., appeared rectangular).
Type II-A disorganization consisted of relatively narrow (usually one or two cells wide) longitudinally cut bundles that were interlaced in various directions among larger groups of transversely cut cells (i.e., appeared circular). This type of disorganization gave the myocardium a swirled appearance. Type 11-B was similar to type II-A disorganization, except that the narrow, longitudinally cut bundles of cells were more linear. Type II-C disorganization consisted of relatively small "islands" of disorganized, longitudinally cut cells within much larger areas of transversely cut cardiac muscle cells. Types II-A, II-B and II-C disorganization involved areas of myocardium that included both longitudinally and transversely cut cardiac muscle cells. Nonparallel arrangements of cardiac muscle cells were not considered to represent disorganization if present in the following areas where cells normally converge at acute angles: (1) at or near the junction of ventricular septum with the left and right ventricular free walls, (2) within trabeculations, (3) within or at the edges of scarred areas, (4) at points of convergence of major muscle bundles, or (5) adjacent to interstitial spaces containing blood vessels.
Quantitation of Cardiac Muscle Cell Disorganization
A technique that has been described in detail" was used to assess quantitatively the extent of cardiac muscle cell disorganization in the 405 tissue sections studied. We studied only transverse plane tissue sections because this orientation is most appropriate for identifying cardiac muscle cell disorganization." Tissue sections were photographed and the images enlarged to occupy 30 X 40-inch positive prints, resulting in a magnification of about 1500 times the original tissue section. A transparent cellulose overlay was then placed over the print, and the areas of myocardium occupied by disorganized cardiac muscle cells were outlined with a marking pen. Although this assessment could sometimes be made exclusively from direct examination of the print, frequently the original tissue section had to be reexamined with a light microscope to localize the disorganized area. Areas in which cardiac muscle cells were either cut longitudinally or transversely were also demarcated. Large areas of fibrosis (replacement or interstitial), artifacts of tissue preparation or large interstitial spaces containing blood vessels were excluded from the analysis. The transparent overlay was then removed from the print, photographed and reproduced (with substantial into which the tissue section had been divided was outlined separately with a fine-point marking pen on ordinary tablet paper and quantitated using a video planimetry system. The architecture of large muscle bundles appeared relatively uniform2' in tissue sections from the ventricular septum and anterior and posterior left ventricular free wall in patients with hypertrophic cardiomyopathy and in controls. A bundle of longitudinally cut cardiac muscle cells was usually present in the center of the tissue section, oriented parallel to the endocardial or epicardial surfaces. This band usually comprised about one-third of the area of the overall tissue section. Transversely cut cells were present, for the most part, in the areas on either side of the central band; each of these latter two areas comprised about one-third of the tissue section.
Quantitative Histologic Findings in the Ventricular Septum Cardiac muscle cell disorganization was common and extensive in the ventricular septum of patients with hypertrophic cardiomyopathy (figs. 3 and 4). Of the 52 patients with hypertrophic cardiomyopathy, 50 (96%) had some septal disorganization, 45 (87%) had disorganization in 5% or more of the relevant areas of the tissue section, 31 (60%) had disorganization comprising 25% or more of the section and 16 (3 1%) had particularly extensive disorganization involving 50% or more of the section ( figs. 3 and 4) . In the patients with hypertrophic cardiomyopathy, the mean percentage area of ventricular septum disorganized was substantial (35 ± 4% [SEM], range 0-95%).
In contrast, septal disorganization was much less common and extensive in control patients. Although 25 of the 83 controls (30%) showed some septal disorganization, only seven (8%) had areas of disorganization comprising 5% or more of the tissue section and only one patient had more than 25% of the section involved. The mean area of ventricular septal tissue section disorganized in control patients (2 ± 1%) was significantly less than that in patients with hypertrophic cardiomyopathy (35 ± 4%, p < 0.001). Type I (particularly type I-A) was most often the predominant form of disorganization in a given ventricular septal tissue section. In 72 (95%) of the 76 control patients or patients with hypertrophic cardiomyopathy who showed septal disorganization, type I was the predominant form of disorganization identified ( Of the 45 patients with at least 5% disorganization in the ventricular septal tissue sections, 33 also had more than 5% disorganization in the sections of left ventricular free wall. Each of the seven patients with no or less than 5% disorganization in the septum also had no or less than 5% disorganization in the free wall.
As in the ventricular septum, type I (particularly I-A) was most commonly the predominant form of disorganization in the left ventricular free wall of patients with hypertrophic cardiomyopathy and controls (table 4) .
The anterior left ventricular free wall section in patients with hypertrophic cardiomyopathy showed significantly more disorganization (32 ± 4%) than the posterior free wall section (15 ± 3%, p < 0.005) ( fig.  8) 16 of the patients (19%) had areas of disorganization comprising 5% or more of the tissue section, and only one patient had more than 25% of the section involved ( fig. 5 ). The mean percentage area of left ventricular free wall disorganized in control patients (2 ± 0.5%) was also considerably less than that in patients with hypertrophic cardiomyopathy (24 ± 3%, p < 0.001). In the 83 control patients, cellular disorganization occurred more often in the free wall (39 of 83, 47%) than in the septum (25 of 83, 30%; p < 0.05); however, in controls, the percentage of disorganization in the ventricular septum (2 ± 1%), anterior (3 ± 1%) and posterior free wall (1.5 ± 0.5%) did not differ significantly.
Correlation of Extent of Disorganization with Other Variables
Clinical, hemodynamic and anatomic variables identified in the 52 patients with hypertrophic cardiomyopathy were analyzed to determine whether there was a correlation with the extent of left ventricular free wall or combined ventricular septal and free wall disorganization. There was no relation between the extent of disorganization and sex distribution, duration of symptoms, presence of coronary heart disease or paroxysmal atrial fibrillation, magnitude of left ventricular end-diastolic pressure, heart weight, ventricular septal thickness, or septal-free wall thickness ratio. The two patients who showed no septal disorganization did not differ from the 50 patients who had septal disorganization with regard to these clinical and anatomic variables.
Other variables did show a statistically significant relation with the extent of disorganization. Disorganization in tissue sections from left ventricular free wall and combined ventricular septal and free wall was most marked in the younger patients and patients without functional limitation, particularly in the subgroup of 14 patients (25 years of age or younger) without functional limitation, in whom sudden death was the initial manifestation of cardiac disease20 (table 5). Nine of these 14 patients had more than 35% disorganization in each of the three regions of left ventricular wall sampled.
Five patients who died late after operation (9 months to 17 years) of causes related to hypertrophic cardiomyopathy or showed no improvement postoperatively did not differ from other patients with regard to free wall (28 ± 14%) or combined septal and free wall disorganization (25 ± 11%).
The extent of free wall and combined septal and free wall disorganization was also greater in five patients with nonobstructive hypertrophic cardiomyopathy than in 24 patients with obstruction to left ventricular outflow under basal conditions; however, this difference did not achieve statistical significance (table 5) . Free wall and combined septal and free wall disorganization was absent or particularly focal in four patients with associated systemic hypertension (mean area disorganized, only 0.5%). 
Discussion
The results of this quantitative histologic study confirm our previous observation that marked ventricular septal disorganization involving at least 5% of the relevant areas of the tissue section is a highly sensitive (86%) and specific (92%) marker for hypertrophic cardiomyopathy.11-13 In addition, in the large population of patients with hypertrophic cardiomyopathy studied, cellular disorganization commonly and extensively involved regions of the left ventricular free wall.'4 Ninety percent of the 52 patients had some disorganization in the free wall and 63%o of the patients had at least 5% disorganization in the free wall tissue sections. In the patients with hypertrophic cardiomyopathy, the mean area of free wall tissue section disorganized was substantial (24 ± 3%), although less marked than that in the septum (35 + 4%). However, the extent of septal and free wall disorganization in many patients was similar. Of 45 patients with marked disorganization in the ventricular septum, 33 also had marked disorganization in the free wall. Conversely, in each of the seven patients with minimal or absent septal disorganization, the extent of cellular disorganization was similar (less than 5%) in the free wall.
Left ventricular free wall disorganization was also common (i.e., 47%) in the 83 patients with normal hearts or cardiac diseases other than hypertrophic cardiomyopathy. However, foci of left ventricular free wall disorganization in these patients usually involved extremely small areas of myocardium (less than 5%), in contrast to the widespread disorganization present in most patients with hypertrophic cardiomyopathy. our qualitative study'5 and the present quantitative investigation. First, the qualitative study included morphologic data from needle biopsies obtained at operation in 14 patients with obstructive hypertrophic cardiomyopathy. Such biopsy specimens are necessarily small and cellular disorganization in hypertrophic cardiomyopathy is often "patchy" in distribution.1" Hence, sampling bias22 implicit in the biopsy technique may have contributed to the differences between the two studies with regard to the presence and extent of disorganization. Second, the qualitative method used in our first study for both biopsy and necropsy specimens may not have permitted as accurate an assessment of the extent of cardiac muscle cell disorganization as did the quantitative histologic technique used in the second study. It is likely that future quantitative histologic analyses of larger numbers of patients with nonobstructive hypertrophic cardiomyopathy will permit more definitive conclusions to be drawn regarding the distribution and extent of cellular disorganization in this subgroup of patients.
